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The GBSA model for coarse-grained simulations of biomolecular systems
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The electrostatic and hydrophobic interactions
are two major driving force of intra and inter
confromational movements in biomolecular
systems. Such movements are essential to
normal functions biomolecular systems.
CAFEMOL is a software developed by our
group for coarse-grained simulations of
biomolecular systems. In curent version of
CAFEMOL, the models for electrostatic and
hydrophobic interactions are not accurate
enough to mimic the structural movements of
biomolecular systems, especially for molecules
with a lot of charges, such as DNA and RNA.
Therefore, we installed the Generalized Born
(GB) and Surface Area (SA) models in
CAFEMOL to make more accurate
electrostatic and hydrophobic interactions in
coarse-grained simulations. The purpose of
this project is to investigate protein-DNA
interations by coarse-grained simulations,
nucleosome and chromatin to be more specific.
So the first step is to create GBSA model for

coarse-grained simulations.
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In the last one year, base on one GB procedure
used in all-atom simulations, we fit
parameters for coarse-grained GB and
install them in CAFEMOL. The parameters
are determined by fiting solvation energies
obtained from GB to those obtained by solving

Poisson—Boltzmann equations. The dataset

for fitting contains 21 proteins, 20 DNAs and
14 RNAs in native conformations. The main
usage of RICC this year is to show the
advantage of GB type of electrostatic
interaction relative to that used in previous
version of CAFEMOL. To make comparision,
we choose the lac repressor with DNA bound
to it as a testing system. The reason for this
choice is that we already have the data from
all-atom simulations for it, which could be
used as standard values for comparision.
There are two binding modes with available
structures in pdb database, the structure for
specific binding (1L1IM) and nonspecific
binding (10SL).
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As for the parameters for coarse-grained GB,
we tested 8 systems with complex structures
including  protein-protein, protein-DNA,
protein-RNA, and protein-protein-DNA. The
correlation coeffcient between coarse-grained
GB and all-atom GB is significant (0.988),
even for the testing set with nearly 10 times
larger energy range than that of training set.
The results from coarse-grained GB
simulations are also promising. In general,
the electrostatic interation between protein
and DNA in coarse-grained GB simulations
are more stable than that in simulations with
previous version of CAFEMOL, which are
inconsistent with all-atom simulations. The
reason for the instability of protein-DNA

complex in previous version of CAFEMOL is
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from the relative weaker -electrostatic

interation in protein-DNA interface.
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In the last one year, we developed the GB
model for coarse-grained simulations of
biomolecular systems and installed it in
CAFEMOL. We also tested the performance of
this model in the protein-DNA interactions.
Comparing to the model used in previous
version of CAFEMOL, GB model gives better

accuracy for electrostatic interations.
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After the testing system, we will go to the
main purpose of this project: nucleosome and
chromatin systems. Considering they are very
large systems, we will modified the code to
make it faster for large systems. Then the first
target will be single nucleosome. Once we
have some results for the first target, we will
turn to multiple nucleosomes and chromatin if

possible.
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